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ABSTRACT 
DISTRIBUTION OF SELECTED TRACE METALS I N  SOUTHERN 
LAKE M I C H I G A N  AN11 LOWER GREEN BAY 
Th is  r e p o r t  considers t h e  d i s t r i b u t i o n  o f  se lec ted  t r a c e  metals 
i n  water, suspended mat te r  and sediments o f  southern Lake Michigan 
and i n  s u r f i c i a l  sediments o f  lower Green Bay. Accumulations o f  AS, 
Br, C r ,  Cu, Hg, Pb and Zn i n  f i ne -g ra ined  s u r f i c i a l  sediments of 
southern Lake Michigan, apparent ly  determined by pa t te rns  o f  sediment 
deposi t ion,  c o r r e l a t e  c l o s e l y  w i t h  sediment concentrat ions o f  organic  
carbon and i r o n .  Organic carbon concent ra t ions  o f  s u r f i c i a l  sediments 
are more h i g h l y  c o r r e l a t e d  w i t h  concentrat ions o f  Cu, Pb and Zn i n  
s u r f i c i a l  sediments o f  lower Green Bay than are  e i t h e r  Fe o r  Mn 
contents.  Mean concentrat ions o f  t r a c e  metals i n  suspended mat te r  
near t he  sediment-water i n t e r f a c e  o f  southern Lake Michigan equal o r  
exceed amounts i n  s u r f i c i a l  sediments. 
Hor izon ta l  (geographic) and v e r t i c a l  d i s t r i b u t i o n s  o f  concen- 
t r a t i o n s  o f  n ine  t r a c e  metals (Cd, C r ,  Co, Cu, Fe, Pby Mn, N i  and Zn) 
i n  waters o f  southern Lake Michigan were examined du r i ng  the  pe r i od  
June - October, 1971 . D i s t r i b u t i o n s  o f  Cu, Fe, Pb and Zn i n  f i l t e r e d  
l ake  water a re  presented. Metal concentrat ions are  t y p i c a l l y  h ighes t  
near areas o f  i n d u s t r i a l i z a t i o n  and major t r i b u t a r y  enbouchment. 
Concentrat ions o f  Cu, Fe, Pb and Zn i n  nearshore areas o f  southern 
Lake Michigan a re  t y p i c a l l y  h ighe r  than concentrat ions i n  o f f sho re  
waters, b u t  t h i s  t r end  i s  i ncons i s ten t .  Hor izon ta l  d i s t r i b u t i o n s  of 
t r a c e  metals i n  t h e  ep i l imn ion  appear t o  be p r i m a r i l y  determined by 
c u r r e n t  pa t te rns .  No cons i s ten t  v a r i a t i o n s  o f  concent ra t ion  w i t h  
depth were observed f o r  the  t r a c e  metals i nves t i ga ted .  
Leland, Harry  V., and Shimp, Ne i l  F. 
DISTRIBUTION OF SELECTED TRACE METALS I N  SOUTHERN LAKE MICHIGAN AND 
LOWER GREEN BAY 
F ina l  Report  t o  O f f i c e  o f  Water Resources Research, Department o f  t he  
I n t e r i o r ,  Washington, D. C., May 1974. 
KEYWORDS--trace e l  emen ts/*Lake Mic higan/*metal t ransport /*heavy metal s/ 
water-sample storage/*sediment-water i n t e r a c t i o n  
ACKNOWLEDGMENTS 
The work r epo r t ed  h e r e i n  was funded p r i m a r i l y  by  annual a l l o t -  
ment c o n t r a c t  A-052-ILL "Heavy Meta l  D i s t r i b u t i o n s  i n  Lake Mich igan" .  
The suppor t  o f  t h e  Water Resources Center  a t  t h e  U n i v e r s i t y  o f  
I 1  1 i n o i s  and t h e  O f f i c e  o f  Water Resources Research, U. S. Department 
o f  t h e  I n t e r i o r ,  i s  g r a t e f u l l y  acknowledged. 
There a r e  many t o  whom t h e  au thors  w ish  t o  express a p p r e c i a t i o n  
f o r  c o n t r i b u t i o n s  t o  t h i s  study. Jean L. Clement and R ichard  P. 
Jackson, graduate s tuden ts  i n  Environmental  Engineer ing i n  C i v i  1 
Engineer ing,  conducted as i n d i v i d u a l  research  p r o j e c t s  t h e  s tudy  o f  
s to rage  procedures f o r  wa te r  samples and t h e  s tudy  o f  t r a c e  meta l  
d i s t r i b u t i o n s  i n  lower  Green Bay. Anodic s t r i p p i n g  de te rmina t ions  o f  
Pb and Cu were d i r e c t e d  by Arno ld  Har t1  ey, Environmental  Research 
Laboratory ,  U n i v e r s i t y  o f  I l l i n o i s .  Suppor t  f rom NSF RANN g r a n t  
GI-31 605 "Environmental Pol 1 u t i o n  by  Lead and Other Me ta l s "  i s  
g r a t e f u l l y  acknowledged. Laure l  Henley, I 1  1 i n o i s  S t a t e  Water Survey, 
c o n t r i b u t e d  some o f  t h e  i r o n  de te rmina t ions  repor ted .  R .  R. Ruchy 
John K. Kuhn and John A. Sch le icher ,  I l l i n o i s  S t a t e  Geo log ica l  Survey, 
c o n t r i b u t e d  major  and t r a c e  element da ta  on sediments and suspended 
m a t t e r  o f  southern Lake Mich igan.  
Ship- t ime was p rov ided  by t h e  Na t i ona l  Science Foundat ion 
th rough  a g r a n t  t o  t h e  Grea t  Lakes Research D i v i s i o n ,  The U n i v e r s i t y  
o f  Mich igan.  The crews o f  t h e  R / V  INLAND SEAS and t h e  R/V  MYSIS made 
sarnpl e c o l  1 e c t i o n s  poss ib l e .  
TABLE OF CONTENTS 
INTRODUCTION 1 
PRESERVATION AND STORAGE OF WATER SAMPLES FOR TRACE METAL 
DETERMINATIONS 2 
D I S T R I B U T I O N  OF TRACE METALS I N  WATERS OF SOUTHERN LAKE 
M I C H I G A N  8 
TRACE ELEMENTS I N  SEDIMENTS AND SUSPENDED MATTER OF SOUTHERN 
LAKE M I C H I G A N  16 
D I S T R I B U T I O N S  OF Cu, M i ,  Pb AND Zn I N  LOWER GREEN BAY AS 
RELATED TO OTHER SEDIMENT COMPONENTS 19 
R E L A T I O N S H I P  TO WATER RESOURCES PROBLEMS 2 5 
REFERENCES C I T E D  
P U B L I C A T I O N S  
LIST OF FIGURES 
Page F i g u r e  No. 
1 
Table  No. 
1 
I n f l  uences o f  Storage Dura t ion ,  Temperature 
and Hydrogen-Ion A c t i v i t y  on t h e  Concen t ra t ion  
o f  Copper i n  Lake Water Samples 
I n f l uences  o f  Storage Dura t ion ,  Temperature 
and Hydrogen-Ion A c t i v i t y  on t h e  Concen t ra t ion  
o f  Manganese i n  Lake Water Samples 
I n f l uences  o f  Storage Dura t ion ,  Temperature 
and Hydrogen-Ion A c t i v i t y  on t h e  Concen t ra t ion  
o f  Z inc  i n  Lake Water Samples 
Water-sampling Loca t ions  i n  Southern Lake 
Mich igan.  Each S t a t i o n  was Sampled a t  Two o r  
Four Depths a t  Approx imate ly  Six-week I n t e r v a l s  
f rom June through October, 1971 
Water and Suspended M a t t e r  Sampling Loca t ions  
i n  Southern Lake Mich igan 
Mean Concent ra t ions o f  Lead i n  Waters o f  
Southern Lake Michigan. Data f o r  A l l  Depths 
Sampled a r e  Inc luded  i n  t h e  Means 
Mean Concen t ra t ions  o f  Copper i n  Waters of 
Southern Lake Mich igan.  Data f o r  A l l  Depths 
Sampled a r e  I nc l uded  i n  t h e  Means 
D i s t r i b u t i o n  o f  Organic Carbon (Percen t )  i n  
Lower Green Bay S u r f i c i a l  (0-6 crn Depth 
I n t e r v a l  ) Sediments 
D i s t r i b u t i o n  o f  Z inc  ( v g  p e r  g)  i n  Lower Green 
Bay S u r f i c i a l  (0-6 cm Depth I n t e r v a l )  Sediments 
Page 
Concen t ra t ions  ( p g / l i t e r )  o f  I r o n  and Z inc  i n  
Waters o f  Southern Lake Mich igan (1971) 15 
Chemical Composi t ion o f  Sediments and Suspended 
M a t t e r  i n  Southern Lake Mich igan 18  
Composi t ion o f  S u r f i c i a l  (0-6 cm) Sediments i n  
Lower Green Bay, Lake Mich igan 2 3 
DISTRIBUTION OF SELECTED TRACE METALS I N  SOUTHERN 
LAKE MICHIGAN AND LOWER GREEN BAY 
by  
H a r r y  V .  Le land  
and 
N e i l  F. Shimp 
INTRODUCTI ON 
Lake M i c h i g a n  i s  a  m a j o r  source  o f  w a t e r  and a  m a j o r  r e c i p i e n t  
o f  p o l l u t i o n  i n  t h e  N o r t h  C e n t r a l  r e g i o n  o f  t h e  U n i t e d  S t a t e s .  D u r i n g  
t h e  l a s t  decade i t  has been i n c r e a s i n g l y  apparen t  t h a t  a c c e l e r a t e d  
changes a r e  o c c u r r i n g  i n  c e r t a i n  areas o f  t h e  lake ,  most n o t a b l y  
l o w e r  Green Bay and extreme sou the rn  Lake M ich igan  (Beeton, 1969).  
Recogniz ing t h e  need f o r  an e v a l u a t i o n  o f  t h e  d i s t r i b u t i o n  and 
p o s s i b l e  accumu la t ion  o f  t r a c e  m e t a l s  i n  sou the rn  Lake Mich igan,  a  
c o o p e r a t i v e  s t u d y  was i n i t i a t e d  by  t h e  p r i n c i p a l  i n v e s t i g a t o r s .  
These s t u d i e s  i n i t i a l l y  i n v o l v e d  t h e  d e t e r m i n a t i o n  o f  accumulated 
t r a c e  e lements  i n  sediments t o  p r o v i d e  an e s t i m a t e  o f  l o n g - t e r m  
a d d i t i o n s  o f  t r a c e  elements t o  Lake M ich igan  and t o  e s t a b l i s h  n a t u r a l  
b a s e - l i n e  c o n c e n t r a t i o n s  a g a i n s t  wh ich  p r e s e n t  a d d i t i o n s  c o u l d  be 
eva lua ted .  Water sampl ing was begun t h e  f o l l o w i n g  y e a r  w i t h  t h e  
purpose o f  d e t e r m i n i n g  geograph ic  ( h o r i z o n t a l  ) and v e r t i c a l  d i s t r i b u -  
t i o n s  o f  s e l e c t e d  t r a c e  metal  s, p a r t i c u l a r l y  those  known t o  be 
accumu la t ing  i n  sediments o f  sou the rn  Lake M ich igan .  An e v a l u a t i o n  
o f  s e v e r a l  p o s s i b l e  procedures f o r  s t o r a g e  o f  samples was conducted 
b e f o r e  w a t e r  sampl ing was i n i t i a t e d  because o f  d i f f i c u l t i e s  exper ienced  
b y  o t h e r  i n v e s t i g a t o r s .  
Lower Green Bay, Lake Mchigan was selected as an additional 
s i t e  to  study factors affecting trace metal distributions in sediments. 
In lower Green Bay, trace metals are derived from a single main source, 
the Fox River, and distributed into a confined area. 
PRESERVATION AND STORAGE OF WATER SAMPLES FOR 
T R A C E  METAL DETERMINATIONS 
Pub1  ications on trace metals in natural waters only infrequently 
include a description of the sample storage procedure used despite a 
potential for  sigrrificant change in concentrations of trace consti- 
tuents during storage. Prior t o  sampling and analyzing Lake Michigan 
waters for trace metals, assessment of several possible procedures 
for storage and preservation of samples was conducted. Lake water 
was analyzed a f t e r  storage a t  different  time intervals (maximum of 
184 days) in l inear  polyethylene, conventional polyethylene and 
glass containers. The value of acidification of water samples a t  
the time of collection in significantly reducing adsorption of trace 
metals t o  containers was demonstrated, as was the value of storing 
frozen sampl es . 
Literature pertinent t o  the subject of sample storage indicates 
that  the principal factors affecting adsorption of metal ions t o  
surfaces are temperature, hydrogen-ion act ivi ty  a n d  time (Healy e t  a l . ,  
1968; Long and Willard, 1952; Hensley -- e t  a1 ., 1949). Hydrogen-ion 
act ivi ty  i s  the most important factor (S t r i jker  and Matievic, 1968). 
Trace metal exchanges with the walls of sample containers are signif-  
icantly reduced by the addition of small amounts of acid, which 
provide an abundance of hydrogen-ions that preferentially occupy avail - 
able s i t e s  for  adsorption. 
The rates of adsorption of trace elements t o  container surfaces 
apparently decrease with time elapsed between collection a n d  analysis, 
and an equilibrium i s  eventually obtained between the concentration 
of an element in water and  i t s  concentration on container surfaces. 
Eicholz -- e t  a1 . (1964) found the rates of adsorption of trace metals 
t o  decrease continuously with time a t  pH 1.5, b u t  a t  pH 7.5, dissolved 
metal concentrations typical ly  increased for  several weeks a n d  then 
decreased until an  equilibrium was achieved. Results of the present 
study do n o t  support the findings of Eichol z -- e t  a1 . (1964). The 
rates of adsorption of trace metals t o  polyethylene surfaces ei ther  
decreased continuously during the 184-day course of the experiment 
or an  equilibrium was achieved ea r l i e r .  
- The choice of container material i s  an important consideration 
in storing natural waters for trace metal analysis. Considerable 
changes in standard solutions (10 mg/l) of Ni, Mn, Mo, V ,  A u ,  P t ,  R u ,  
and Ti stored in glass were reported by Luetwein (1940). Concentrations 
of these elements decreased by a factor of ten in 75 days i f  stored 
in 6 percent mineral acid. Only nickel and precious metal concen- 
trations decreased i f  samples were stored in fused quartz. contamination 
of water samples occurs i f  the water i s  stored in sof t  glass b u t  th i s  
problem i s  almost absent i f  polyethylene i s  used (Dozer and Dole, 
1952). Contamination of acidic solutions a f t e r  one year of storage 
occurred with 11 elements (Al, 0, Ca, Fe, P b ,  Li, Mg, Na, Si a n d  Sr) 
in Pyrex 774, with 9 elements (A1  , 0, Ca, P b ,  Li, Mg, Na, Si and Sr) 
i n  s o f t  g l a s s  (K imble)  and w i t h  none o f  t h e  above elements i n  p o l y -  
e t h y l e n e  (Yoe and K o c ~ ,  1957). R e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  
a1 so ill u s t r a t e  t h e  h i g h  p u r i t y  o f  s u i t a b l e  p o l y e t h y l e n e  c o n t a i n e r s .  
No t r a c e s  of  Cu, Cdy Mn, o r  Zn were found i n  deminera l i zed ,  d i s t i l l e d  
w a t e r  s t o r e d  100 days i n  conven t iona l  o r  l i n e a r  p o l y e t h y l e n e  con- 
t a i n e r s .  
A  s i g n i f i c a n t  d i f f e r e n c e  was no ted  between t h e  a d s o r p t i v e  
p r o p e r t i e s  o f  l i n e a r  and c o n v e n t i o r ~ a l  p o l y e t h y l e n e  f o r  t r a c e  meta ls  
d u r i n g  s t o r a g e  a t  pH 1.0 and 22" C (F igu res  1 -3 ) .  A d s o r p t i o n  o f  Cu, 
Mn, and Zn was s i g n i f i c a n t l y  g r e a t e r  i n  l i n e a r  p o l y e t h y l e n e  than i n  
conven t iona l  po lye thy lene ,  a l though  t h e  fo rmer  i s  g e n e r a l l y  cons ide red  
s u p e r i o r  t o  conven t iona l  p o l y e t h y l e n e  i n  t h i s  r e s p e c t .  The conven- 
t i o n a l  p o l y e t h y l e n e  c o n t a i n e r s  were p r e v i o u s l y  used f o r  s t o r a g e  of 
w a t e r  samples. The l i n e a r  p o l y e t h y l e n e  c o n t a i n e r s  were new and were 
r i n s e d  f o r  one week w i t h  5  pe rcen t  h y d r o c h l o r i c  a c i d  p r i o r  t o  use. 
I r r e g a r d l e s s  o f  t h e  type o f  c o n t a i n e r  employed, a d s o r p t i o n  o f  Cu, Cd, 
Mn, and Zn t o  p o l y e t h y l e n e  s u r f a c e s  o c c u r r e d  f r o m  l o w  u g / l  s o l u t i o n s  
a t  pH 1.0 and 22" C d u r i n g  s to rage  o f  w a t e r  samples. 
The s i n g l e  most e f f e c t i v e  procedure t o  e l i m i n a t e  changes i n  
t r a c e  meta l  compos i t i on  o f  wa te r  samples d u r i n g  s t o r a g e  i s  t o  keep 
samples f rozen .  F reez ing  e l  i r r ~ i n a t e d  a d s o r p t i o n  o f  t r a c e  meta ls  (Cu, 
Cd, Mn and Zn) t o  c o n t a i n e r  su r faces  and p e r m i t t e d  q u a n t i t a t i v e  
r e c o v e r i e s  f o l l o w i n g  s to rage .  Recover ies  o f  85 t o  105 p e r c e n t  a f t e r  
184-days s t o r a g e  were o b t a i n e d  f o r  t h e  above elements.  A c i d i f i c a t i o n  
o f  w a t e r  samples a t  t h e  t i m e  o f  c o l l e c t i o n  i s  recommended t o  a v o i d  
a d s o r p t i o n  o f  t r a c e  meta ls  t o  c o n t a i n e r  su r faces  d u r i n g  p e r i o d s  when 
sa ld~ues 
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t h e  sample cannot  be k e p t  f r o z e n .  
Lake M ich igan  w a t e r  samples o b t a i n e d  f o r  t r a c e  meta l  a n a l y s i s  
by a tomic  a b s o r p t i o n  spect rophotometry  were a c i d i f i e d  (0 .5  p e r c e n t  
d o u b l e - d i s t i l  l e d  h y d r o c h l o r i c  a c i d )  and s t o r e d  f r o z e n .  Trace meta ls  
were c o n c e n t r a t e d  5 0 - f o l d  by  s u b l i m a t i o n  o f  wa te r  samples a t  reduced 
temperature  and p ressure  ( f r e e z e - d r y i n g ) .  T h i s  procedure i s  
accep tab le  f o r  r e d u c i n g  sample volume and c o n c e n t r a t i n g  t h e  elements 
o f  i n t e r e s t .  An average 94 percen t  r e c o v e r y  o f  Cu, Zn, Cd, and Mn 
( r a n g e o f  86 t o  102 p e r c e n t )  was ob ta ined .  
DISTRIBUTIONS OF TRACE METALS I N  WATERS OF 
SOUTHERN LAKE MICHIGAN 
Severa l  r e c e n t  r e p o r t s  c o n t a i n  i n f o r m a t i o n  on t r a c e  meta ls  i n  
Lake M ich igan  wa te rs  (Cope1 and and Ayers, 1972; M ich igan  Water Resources 
Commission, 1973). H igher  c o n c e n t r a t i o n s  o f  Cd, C r ,  N i  and Zn were 
r e p o r t e d  i n  wa te rs  a t  nearshore s t a t i o n s  i n  t h e  v i c i n i t y  o f  t h e  
Grand and S t .  Joseph R i v e r s  than i n  o f f s h o r e  wa te rs .  These r i v e r s ,  
t h e  second and t h i r d  l a r g e s t  i n  d ra inage  area and mean annual d i s c h a r g e  
o f  Lake M ich igan  t r i b u t a r i e s ,  d r a i n  i n t o  t h e  southern l a k e  bas in .  
Robbins -- e t  a1 . (1972) p r o v i d e  a  p r e l  i m i n a r y  e s t i m a t e  o f  mean d a i l y  
l o a d i n g s  o f  Ca, Mg, Na, K, Fe, Mn, Cu, N i ,  C r ,  Mo, Zn, Sr and Ba t o  
Lake M ich igan  v i a  t r i b u t a r i e s .  The Grand R i v e r ,  t h e  l a r g e s t  t r i b u t a r y  
source o f  10 o f  t h e  13 elements analyzed, i s  s i n g u l a r l y  h i g h  as a  
source o f  Cu, N i  and C r .  The S t .  Joseph R i v e r  i s  t h e  t r i b u t a r y  w i t h  
t h e  second l a r g e s t  t r a c e  metal  l o a d i n g  t o  Lake M ich igan .  
Geographic and seasonal v a r i a t i o n s  i n  t r a c e  metal  c o n c e n t r a t i o n s  
of Lake Michigan waters are poorly characterized. To permit examination 
of these variations, concentrations of nine elements (Cd, Cr, Co, Cu, 
Fe, Pb, M n ,  Ni and Zn) in nearshore and offshore waters of southern 
Lake Michigan (Figure 4) were determined for the period June - 
October, 1971 . A t  approximately six-week interval s , sampl es were 
taken a t  the lake surface, direct ly  above and below the thermocline 
and one meter above the sediment. Only surface and near-sediment 
waters were sarnpled a t  shallow (<I0  meters depth) water s ta t ions.  To 
f a c i l i t a t e  data interpretations,  stations are assigned to one of 
eleven areas, designated regions A through L .  The nearshore regions 
include stations one-quarter, one-half, and one mile from shore; 
intermediate stations are four miles, eight miles and sixteen miles 
from shore; and the offshore regions are greater than 16 miles from 
shore. Locations sampled in th i s  program are not in the vicinity of 
major t r ibutar ies .  A broader area of southern Lake Michigan which 
includes locations near major t r ibutar ies ,  (Figure 5) was sampled on 
separate cruises during 1971. On these l a t t e r  cruises,  determinations 
of Cu  and Pb were made by anodic-stripping voltammetry immediately 
a f t e r  sample col 1 ection. 
Results reported herein are C u ,  Fe, Pb and Zn concentrations in 
f i l te red  lake water. Precautions taken t o  avoid sample contamination 
included pre-rinsing the a1 1 -glass f i l t e r  apparatus and cell  ulose 
acetate membrane f i  1 t e r s  ( 0 . 4 5 ~  pore s ize)  with doubl e-disti  11 ed 
hydrochloric acid (5 percent) and offshore hypo1 imnion water. Anodic- 
stripping voltammetric analyses were conducted without pre-concentration 
of metals in the water before (pH 8) and a f t e r  (pH 3) acidification. 
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F igu re  5. Water and Suspended Ma t te r  Sampling Locat ions i n  
Southern Lake Michigan 
Dete rmina t ions  o f  Pb and Cu r e p o r t e d  were conducted a t  pH 3. Water 
samples c o l l e c t e d  f o r  subsequent a n a l y s i s  by  a to r r~ ic  a b s o r p t i o n  
spect rophotometry  were a c i d i f i e d  (1 .0  p e r c e n t  h y d r o c h l o r i c  a c i d )  and 
f rozen .  I n  t h e  l a b o r a t o r y ,  o n e - l i t e r  p o r t i o n s  o f  t h e  samples were 
reduced t o  dryness b y  f r e e z e - d r y i n g  and t h e  r e s i d u e s  were r e d i s s o l v e d  
i n  20 ml of  - N h y d r o c h l o r i c  a c i d .  Concen t ra t ions  o f  t r a c e  meta ls  
r e p o r t e d  were c o r r e c t e d  f o r  background and m a t r i x  e f f e c t s .  
An a n a l y s i s  o f  h o r i z o n t a l  (geographic)  d i s t r i b u t i o n s  o f  t r a c e  
meta ls  i n  sou thern  Lake Mich igan shows t h a t  metal  c o n c e n t r a t i o n s  a r e  
t y p i c a l l y  h i g h e s t  immedia te ly  a d j a c e n t  t o  areas o f  h i g h  p o p u l a t i o n  
d e n s i t y ,  i n d u s t r i a l i z a t i o n  and major  t r i b u t a r i e s .  Examples a r e  t h e  
plumes o f  t h e  Grand and St.  Joseph R i v e r s  and nearshore wa te rs  a t  
Milwaukee, Wisconsin, Chicago, I 1  1  i n o i s ,  and Gary, I n d i a n a .  
Concen t ra t ions  o f  Cd and Co i n  i n t e r m e d i a t e  and o f f s h o r e  r e g i o n s  a r e  
near  t h e  l i r n i t s  o f  d e t e c t i o n  o f  t h e  a n a l y t i c a l  method and d e s c r i p t i o n s  
o f  d i s t r i b u t i o n s  o f  these elements a r e  n o t  p o s s i b l e .  Methods f o r  
d e t e r m i n i n g  c o n c e n t r a t i o n s  o f  C r ,  Cu, Fe, Pb, Mn and Zn i n  f i l t e r e d  
l a k e  w a t e r  a r e  adequate and geographic v a r i a t i o n s  i n  c o n c e n t r a t i o n  o f  
these  elements a r e  e v i d e n t .  Examples a r e  g i v e n  f o r  t h e  d i s t r i b u t i o n s  
o f  l e a d  ( F i g u r e  6 ) ,  copper ( F i g u r e  7 ) ,  i r o n  and z i n c  (Tab le  1 ) .  
Concen t ra t ions  o f  each o f  t h e  above elements va ry  g e o g r a p h i c a l l y  
and w i t h  t i m e  o f  sampl i n g .  Increased l e v e l s  g e n e r a l l y  occur  i n  near-  
shore r e g i o n s  and 1  ower c o n c e n t r a t i o n s  i n  i n t e r m e d i a t e  and o f f s h o r e  
reg ions .  However, t h i s  t r e n d  i s  i n c o n s i s t e n t .  Meta l  c o n c e n t r a t i o n s  
i n  many i n s t a n c e s  a r e  no h i g h e r  i n  i n s h o r e  waters  than  i n  o f f s h o r e  o r  
i n t e r m e d i a t e  r e g i o n s .  Sur face wa te rs  i n  extreme southern Lake 
Figure 6. Mean Concentrations of Lead in Waters of Southern 
Lake Michigan. Data for All Depths Sampled are 
Included in the Means 
sueaw a42 u~ papn l3u1 
aJe paldtues sy~daa LL~ JOJ e~ea 'ue6~43~~ aye1 
u~aq3nos 40 sJa3eM uk ~addo3 40 suo~3e~3ua3uo3 ueaw 'L a~n6~j 
TABLE 1 
Concen t ra t ions  ( y g l l i t e r )  o f  I r o n  and Z i n c  i n  Waters 
o f  Southern Lake M ich igan  (1971 
June J u l y  August October  
Regi on Fe Z  n  Fe Zn F  e  Z  n  Fe Zn 
a ~ o n c e n t r a t i o n s  a r e  means o f  a t  l e a s t  t h r e e  separa te  de te rm ina t ions .  
Sampl es were f i l t e r e d  (0.45 11 membrane f i l  t e r )  a t  t h e  t i m e  o f  c o l l e c t i o n .  
b ~ o n c e n t r a t i  ons i n  p a r e n t h e s i s  a r e  f o r  hypo1 imn i  on waters .  A1 1  o t h e r  
va lues a r e  meta l  c o n c e n t r a t i o n s  o f  e p i l  imnion wa te rs .  
Michigan a r e  h i ghe r  i n  Pb and Cu than su r f ace  waters i n  t h e  deepest 
reg ions  o f  t h e  southern bas in .  Southward-f lowing su r f ace  c u r r e n t s  
i n  t h e  i n te rmed ia te  reg ion  (Region D )  on t h e  western s i d e  o f  southern 
Lake Mich igan c o n t a i n  lower  concen t ra t ions  o f  Pb, Fe and Zn than do 
nor thward- f low ing  su r f ace  waters i n  t h e  i n te rmed ia te  reg ions  (Regions 
B  and 6 )  on t h e  eas te rn  s i de .  Geographic p a t t e r n s  o f  t r a c e  meta ls  i n  
e p i l  imnion waters a r e  apparen t l y  r e l a t e d  t o  f l ows  o f  major  l a k e  
cu r ren t s .  
V e r t i c a l  d i s t r i b u t i o n s  o f  t r a c e  meta ls  a re  a l s o  bes t  i n t e r p r e t e d  
by cons ide r i ng  c u r r e n t  pa t t e rns .  S i g n i f i c a n t  v a r i a t i o n s  i n  t r a c e  
metal  concen t ra t ions  e x i s t  w i t h  depth o f  sampl ing b u t  concen t ra t ions  
i n  t he  e p i l i m n i o n  a re  h i ghe r  than i n  t h e  hypol imnion i n  some areas 
and lower  i n  o t h e r  areas. I n  general ,  concen t ra t ions  o f  Pb and Cu 
a re  h i ghe r  i n  e p i l i m n i o n  waters than i n  t he  deeper waters o f  t h e  
southern bas in .  D i s t r i b u t i o n  o f  t r a c e  metals i n  southern Lake 
Mich igan waters a r e  t o  be discussed f u r t h e r  i n  a  separate r e p o r t .  
TRACE ELEMENTS I N  SEDIMENTS AND SUSPENDED 
MATTER OF SOUTHERN LAKE MICHIGAN 
Stud ies  by Shimp -- e t  a1 . (1970, 1971 ), Kennedy e t  a1 . (1971 ) and 
Ruch -- e t  a1 . (1970) show t h a t  c e r t a i n  t r a c e  elements, namely As, Br, 
C r ,  Cu, Hg, Pb and Zn, occur i n  s u b s t a n t i a l l y  (up t o  20 t imes)  h i ghe r  
concen t ra t ions  near t h e  sediment-water i n t e r f a c e  o f  f i n e - g r a i n e d  
sediments than i n  unde r l y i ng  sediments o f  southern Lake Mich igan.  
Le land -- e t  a l . (1973a) examined t he  f a c t o r s  a f f e c t i n g  t r a c e  metal  
t r a n s p o r t  and d i s t r i b u t i o n  i n  t h e  l a k e  sediments. These s tud ies  were 
supported i n  p a r t  by p r o j e c t  A-052-ILL. 
Accumulation o f  t h e  above t r a c e  elements i n  sediments near the 
water i n t e r f a c e  i s  ev ident  f rom an examinat ion o f  Table 2. The 
r e l a t i v e l y  h igh  concentrat ions o f  these elements i n  sediments near 
t he  water i n t e r f a c e  are  no t  a n a t u r a l  phenomenon. The major, minor 
and t r a c e  element composit ion o f  under ly ing  (15-100 cm depth i n t e r v a l  ) 
f ine-gra ined sediments o f  southern Lake Michigan i s  very s i m i l a r  t o  
t h a t  o f  Lake Sal ine, a Pleistocene l a k e  which rece ived sediments 
dur ing  the  t ime Lake Michigan was occupied by g l a c i e r s  (Frye and 
Shimp, 1973). This  i n d i c a t e s  t h a t  the  t r a c e  element concentrat ions 
o f  under ly ing  sediments probably represent  n a t u r a l  l e v e l s  i n  southern 
Lake Michigan. 
S i g n i f i c a n t l y  h ighe r  t r a c e  element concentrat ions occur i n  f i n e -  
g ra ined s u r f i c i a l  sediments, p a r t i c u l a r l y  where recen t  sedimentat ion 
i s  most a c t i v e .  Geographic areas o f  g rea tes t  t r ace  element abundance 
correspond t o  regions o f  g rea tes t  contaminat ion by organochlor ine 
i n s e c t i c i d e s  (Leland -- e t  a1 ., 1973b). Geographic d i s t r i b u t i o n s  o f  
t r a c e  elements i n  southern Lake Michigan sediments a re  presented i n  
Leland -- e t  a l . ,  1973a; Shimp -- e t  a1 ., 1971; Kennedy -- e t  a1 ., 1971 ; and 
Ruch -- e t  a l . ,  1970. Trace elements p resen t l y  accumulating i n  sediments 
o f  southern Lake Michigan are  apparent ly  sorbed, e i t h e r  d i r e c t l y  o r  
through b i o l o g i c a l  processes, t o  suspended p a r t i c l e s ,  which are  
t ranspor ted  by ,water and deposited i n  areas o f  a c t i v e  sedimentat ion. 
Regression ana l ys i s  of t he  data on sediment cons t i t uen ts  i n d i c a t e s  a 
re1 a t i o n s h i  p between accumulating t r a c e  element concentrat ions and 
contents o f  organic  carbon and i r o n  i n  the sediments (Shimp -- e t  a l . ,  
18 
TABLE 2 
Chemical Composition o f  S e d i m n t s  and Suspended M a t t e r  i n  Southern Lake Michigan 
Suspended ~ a t t e r '  An Sample I n t e r v a l s  > 15 cm 
Uppermost Sample I n t e r v a l  b u t  < 100 cm One Meter Above Lake F l o o r  Epi l i m n i o n  (5 -7  meters)  
Ma jo r  o r  M inor  Nurnber Number Number Number 
c o n s t i t u e n t  o f o f  o f  o f  
(Percent)  Mean Range Samples Mean Range Samples Mean Range Samples Mean Range Samples 
Si  O2 53.1 40.2-70.2 24 48.4 41.5-58.9 31 33.1 14.3-48.7 12 29.8 2.8-62.7 14  
Ti02* 0.36 .13-0.55 24 0.49 0.41-0.57 22 0.23 0.17-0.37 12 0.20 0.08-0.45 14 
A1 203* 7.95 4.72-11.70 24 9.54 8.24-11.60 22 4.90 2.19-9.78 12 3.70 1.23-9.92 14 
Fe203 4.04 2.09-9.99 24 3.56 1.74-5.99 31 4.68 2.47-7.38 12 3.71 1.07-7.22 14 
MnO 0.072 0.025-0.212 25 0.05 0.027-0.110 24 0.094 0.012-0.23 6 0.063 0.004-0.19 14 
MgO * 5.26 2.55-9.18 24 6.65 4.87-8.11 22 
CaO 7.83 4.37-15.90 , 2 4  9.14 3.37-15.00 32 29.2 8.8-71.1 12 9.38 2.2-45.1 14 
I g n i t i o n  Loss 16.10 9.15-20.33 24 17.46 11.09-20.91 32 34.4 19.1-47.2 12 53.8 26.4-94.5 14 
Organic Carbon 2.51 0.77-4.73 25 1.40 0.49-2.65 23 
Trace Element 
(pg per  q) 
a Data on sediments from Shimp, Le land  and White (1970); Ruch, Kennedy and Shimp (1970); Sch le icher  and Kuhn (1970); Shimp e t  a1. (1971); and 
Kennedy. Ruch and Shimp (1971). The means and ranges f o r  sediment c o n s t i t u e n t s  a r e  f rom Frye and Shimp (1973). w i t h  t h e  Z c G t i o n  Of 
c o n s t i t u e n t s  marked by an a s t e r i s k  (9). 
Top i n t e r v a l  sediments s e l e c t e d  t o  con ta in  2 0.75% organ ic  carbon and 2 10% l e s s  than  2p c l a y - s i z e  mater ia l .  
Suspended m a t t e r  ( p a r t i c l e s  removed by a 0 . 4 5 ~  membrane f i l t e r )  se lec ted  w i t h o u t  regard t o  o rgan ic  carbon content  o r  p a r t i c l e  s ize .  
1971 ; Leland -- e t  a1 . , 1973a). 
Determinat ions o f  major, minor and t r a c e  cons t i t uen ts  i n  suspended 
mat te r  o f  southern Lake Michigan were made t o  asce r ta in  i f  depos i t i on  
o f  p a r t i c l e s  s a t i s f a c t o r i l y  accounts f o r  t he  h igh  t r a c e  element 
concentrat ions o f  s u r f i c i a l  sediments. A comparison o f  t r a c e  element 
concentrat ions o f  s u r f i c i a l  sediments and suspended mat te r  taken one 
meter from the  l ake  f l o o r  (Table 2 )  i s  p a r t i c u l a r l y  i n fo rma t i ve .  With 
t he  except ion o f  bromine, mean t r a c e  element concentrat ions i n  t h e  
suspended mat te r  equal o r  exceed amounts i n  s u r f i c i a l  sediments. 
Lead concentrat ions o f  suspended p a r t i c l e s  i n  t he  c e n t r a l  po r t i ons  o f  
t he  bas in  exceed 80 ug per g, which i s  equ iva len t  t o  t he  mean 
concent ra t ion  found i n  s u r f i c i a l  sediments o f  t h e  basin. The lower 
concentrat ions o f  bromine i n  suspended matter,  as compared t o  
sediments, may be due t o  t he  decreased a b i l i t y  o f  hydrous ox ides t o  
sorb bromine a t  the  h igher  pH (Q 8.2) o f  Lake Michigan water.  Another 
poss ib le  mechanism f o r  bromine enrichment i n  s u r f i c i a l  sediments o f  
southern Lake Michigan i s  s p e c i f i c  i nco rpo ra t i on  o f  bromine by aqua t i c  
organisms (Leland -- e t  a1 ., 1973a). 
DIS-~RIBUTIONS OF CU, Ni ,  ~b AND Zn IN LOWER GREEN BAY 
AS RELATED TO OTHER SEDIMENT COMPONENTS 
Several authors have repo r ted  p rev ious l y  on t r a c e  metals i n  
sediments o f  Green Bay, Lake Michigan. Edgington -- e t  a l . (1972) 
descr ibed v e r t i c a l  d i s t r i b u t i o n s  o f  t r a c e  metals i n  severa l  sediment 
cores, b u t  on l y  two were from the  present  area o f  s tudy ( i . e .  Green 
Bay south o f  44" 5 5 '  N). Surface enrichment o f  Cu was noted i n  both 
cores, Zn was enr iched a t  the  sur face  i n  on l y  one core and no v a r i a t i o n  
with sediment depth was reported for  concentrations of iron.  Moore 
e t  a1 . (1973) found concentrations of Cr, Fe, C u  and Zn i n  su r f ic ia l  
--
sediments t o  be correlated w i t h  each other i n  lower Green Bay b u t  
not consis tent ly  associated in other areas of the bay. These 
corre la t ions  together with the f a c t  t ha t  C u ,  Zn and Cr a r e  s i gn i f i -  
cantly more concentrated i n  lower Green Bay than in other Green Bay 
areas led the  authors t o  suggest tha t  the metals may be associated 
w i t h  organic matter i n  lower Green Bay sediments. Callendar (1972) 
emphasized the  potential enrichment of t race  metals in sediments 
containing ferromanganese nodules. Although nodules are  d i s t r ibu ted  
i n  the central  and northern portions of Green Bay, they probably do 
not occur i n  lower Green Bay. 
Results from the analysis  of 27 sur f ic ia l  sediments of lower 
Green Bay a re  considered in the present repor t .  An Ekman dredge was 
used fo r  sampling and the 0-6 cm depth interval  was retained. A 
survey of the  benthos of lower Green Bay with d i s t r ibu t ion  maps 
showing abundances of macroinvertebrates a t  the same s ta t ions  was 
pub1 i  shed by Howmi 11 e r  ( 1  971 ) . 
Distribution maps of organic carbon and zinc contents of sur- 
f i c i a l  sediments in lower Green Bay are  presented in Figures 8 and 9. 
Analytical methods employed are  discussed by Shimp e t  a1. (1970) and 
Jackson (1973). The highest organic carbon concentrations occur in 
sediments of the  deeper areas,  which are  a l so  the regions of f i ne s t -  
grained sediments. The highest concentrations of t race  metals 
generally occur a t  the same locations.  Trace metal contents of f ine-  
grained sediments of lower Green Bay (Table 3 )  are  generally lower 
F igu re  8. D i s t r i b u t i o n  o f  Organic Carbon (Percen t )  i n  Lower 
Green Bay S u r f i c i a l  (0-6 cm Depth I n t e r v a l  ) Sediments 
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Figure 9. Distribution of Zinc (ug per g) in Lower Green Bay 
Surficial (0-6 cm Depth Interval ) Sediments 
TABLE 3  
Composition o f  S u r f i c i a l  (0-6 cm) Sediments 
i n  Lower Green Bay, Lake Michigan 
- 
Number 
Standard o f 
Sedimetit Component Mean Dev ia t i on  Range Samples 
< 2 ,~  c lay -s i zed  ma te r i a l  
( percent )  
Clay and s i l t - s i z e d  
ma te r i a l  (percent)  
Organic carbon 
(percent )  
I g n i t i o n  1  oss 
(percent )  
Fe203 (percent )  
MnO (percent )  
than  t he  meta l  con ten ts  of f i n e - g r a i n e d  s u r f i c i a l  sediments o f  southern 
Lake Mich igan.  T h i s  i s  p robab ly  a consequence o f  a much more r a p i d  
r a t e  o f  sed imenta t ion  i n  lower  Green Bay. 
C o r r e l a t i o n  c o e f f i c i e n t s  were determined f o r  each o f  e leven  
parameters a g a i n s t  o t h e r  sediment components. The h i g h e s t  c o e f f i c i e n t s  
( r  % 0.95) observed were f o r  Cu, Pb and Zn concen t ra t i ons  versus 
o rgan ic  carbon con ten t  o f  l owe r  Green Bay sediments. H i g h l y  s i g n i f i -  
c a n t  r e l a t i o n s h i p s  ( r  a 0.75) were a l s o  observed f o r  Cu, Pb and Zn 
versus t h e  i r o n  con ten t  o f  sediments. C o r r e l a t i o n  c o e f f i c i e n t s  f o r  
Cu, Pb and Zn concen t ra t i ons  versus manganese con ten t  averaged 0.46. 
Organic m a t t e r  c l e a r l y  p l ays  a h i g h l y  s i g n i f i c a n t  r o l e  i n  t h e  
t r a n s p o r t  o f  Cu, Pb and Zn i n  sediments o f  l ower  Green Bay. The 
c o n c e n t r a t i o n  o f  N i  i n  t h e  s u r f i c i a l  sediments i s  more h i g h l y  c o r r e -  
l a t e d  w i t h  t h e  con ten t  o f  i r o n  than  w i t h  o rgan ic  carbon. 
RELATIONSHIP TO WATER RESOURCES PROBLEMS 
The s tud ies  summarized i n  t h i s  r e p o r t  have as common o b j e c t i v e s  
t h e  d e s c r i p t i o n  o f  t r a c e  metal  d i s t r i b u t i o n s  i n  Lake Mich igan waters,  
suspended ma t te r  and sediments and t h e  d e f i n i t i o n  o f  ma jo r  t r a c e  metal  
t r a n s p o r t  parameters. Stud ies o f  suspended and s u r f i c i a l  sediments 
showed t h a t  t h e  amounts o f  some t r a c e  meta ls  c u r r e n t l y  be ing  depos i ted  
s i g n i f i c a n t l y  exceed n a t u r a l  r a t e s  o f  depos i t i on .  The exchanges o f  
i n d i v i d u a l  elements between suspended m a t t e r  and water  a r e  impo r tan t  
t o  understand . 
A  program o f  e f f e c t i v e  wate r  qua1 i ty  management i n  any n a t u r a l  body 
of water  depends upon a  knowledge o f  sources o f  p o l l u t a n t s ,  changes t h e  
p o l l u t a n t  undergoes and t h e  u l t i m a t e  f a t e  o f  each substance. I n fo rma t i on  
was ob ta ined  on each o f  these f a c e t s  f o r  one o f  our  l a r g e s t  and most 
impo r tan t  wa te r  resources, Lake Mich igan.  A l though da ta  s u f f i c i e n t  t o  
pe rm i t  mate r ia ls -ba lance  s tud ies  of  Lake Mich igan c u r r e n t l y  do n o t  e x i s t ,  
such i n f o r m a t i o n  i s  r equ i red  f o r  an e v a l u a t i o n  o f  t h e  c a p a c i t y  o f  t h e  
l a k e  t o  absorb domestic, i n d u s t r i a l  and a g r i c u l t u r a l  wastes w i t h o u t  
f u r t h e r  d e t e r i o r a t i o n .  
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